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100 ng/mL was considered to be physiological. The P4 solution was diluted in absolute 139 ethanol and added at a final concentration of 0.5% ethanol in the culture medium. 140 Preliminary experiments in our laboratory showed that vehicle controls containing an 141 equivalent amount of ethanol had no effect on the time course of sperm binding and 142 release (data not shown). Furthermore, ethanol at low concentrations (0.1-1%) was 143 shown to have no detectable effect on sperm motility, viability, capacitation, cholesterol 144 efflux and acrosome reaction during up to 6 h of incubation (Lukacova et al., 2015; 145 Therien and Manjunath, 2003) . Spermatozoa released from BOECs by P4 action 146 (BOEC-P4 group) were collected by washing three times with IVF medium. Two 147 control groups of spermatozoa at the same sperm concentration were run in parallel in 148 each experiment. Control groups were incubated in the IVF medium, centrifuged the 149 same time and manipulated the same way (including pipetting) than the treated BOEC-150 P4 group. One control group was similarly manipulated but not incubated with BOECs 151 nor P4 (CTRL group). Another group of spermatozoa was incubated without BOECs for 152 30 min in the IVF medium and then P4 (100 ng/mL) was added to the culture medium 153 for 1 h (P4 group), i.e., at the same dose and incubation time than the BOEC-P4 group. 154 It was not possible to constitute a control group in which P4 was replaced by vehicle 155 after BOEC incubation and elimination of unbound sperm because 1h of incubation 156 with ethanol at 0.5% did not induce sperm release from BOEC. 158 Previous studies using the same in vitro system showed that only sperm heads 159 with intact acrosome did bind to the surface of BOECs (Lamy et al., 2017) . In order to 160 reject the hypothesis whereby the release of bound spermatozoa by P4 was due to the 161 loss of their acrosome, the integrity of acrosomes in the BOEC-P4 and CTRL groups 162 was evaluated using a double staining with PNA (Peanut Agglutinin lectin) and Hoechst 163 9 33342 followed by examination under confocal microscopy. Acrosomes were found to 164 be intact in more than 90% of spermatozoa in both groups (data not shown). For 165 Western-Blot analyses, spermatozoa from all the experimental groups were collected 166 and immediately washed twice in PBS and centrifuged at 2000 g for 3 min before 167 protein extraction. Samples were then diluted in lysis buffer (2% SDS in 10 mM Tris, 168 pH 6.8) with a protease inhibitor cocktail and centrifuged (15,000 g for 10 min, 4ºC) to 169 separate the protein-rich supernatant from the cellular debris. The concentration in 170 proteins was assessed in sperm supernatants using the Uptima BC Assay kit (Interchim, 171 Montluçon, France) before dilution in loading buffer (Laemmli buffer 5×) and heating Bradykinine; Angiotensine I). A lock mass correction was applied to one peak with high 253 peak intensity in all spectra using flexAnalysis 4.0 software (Bruker). For proteomics, 254 the peak at m/z 6821.46 was selected, while for lipidomics, the calibration was achieved 10% minimum baseline width) and two smoothings using the Savitzky-Golay 262 algorithm. The spectra realignment was performed using prominent peaks (maximal 263 peak shift 2000 ppm, 30% of peaks matching most prominent peaks, exclusion of 264 spectra that could not be recalibrated). Normalization of peak intensity was performed 265 using the Total Ionic Count (TIC) in order to display and compare all spectra on the 266 same scale. Automatic peak detection was applied to the total average spectrum with a 267 signal/background noise greater than 2.
Evaluation by Western blot of BSP abundance in spermatozoa

268
The intra-and inter-experiment variability in measurements were evaluated by a 
ICM-MS data processing for lipid and protein identification 283
In order to identify the lipids corresponding to the differential peaks obtained by ICM-284 MS profiling, the masses observed were confronted to a local database created from In total, 200 protein molecular species with a mass range between 2 and 20 kDa were 367 detected in spermatozoa from the four experimental groups, among which 137 were 368 differential after paired-wise comparisons (Fig. 3B) . As for lipidomics, the highest 369 numbers of differential masses were evidenced when comparing BOEC-P4 with 370 spermatozoa treated by P4 alone (P4 group) and CTRL (104 and 98 differential masses, 371 respectively). Comparing with the CTRL group, the P4 group and spermatozoa unbound 372 after incubation with BOECs (BOEC group) displayed 62 and 34 differential masses, 373 respectively. The BOEC-P4 group displayed specific changes in 11 and 14 masses when 374 compared with CTRL and P4, respectively (Fig. 3B) . As for lipidomics, the clustering 375 of differential proteins evidenced common changes between the BOEC-P4 and BOEC 376 groups as compared with the CTRL and P4 groups, which also shared similar features 377 (Fig. 4B) . As presented in Supplementary Table 2, a total of 36 m/z were identified as fragments 380 of 32 proteins (AKAP4, CALM, ODF2 and SPESP1 were identified by two peptides).
381
In addition, 5 m/z were identified as fragments originated from 2 or 3 different proteins.
382
Among the proteins identified, five of them (ODF2, ODF3, Sp17, SPAM1 and SPESP1) 383 corresponded to fragments of sperm-specific proteins and nine were found to be altered 384 specifically in the comparison between CTRL and BOEC-P4 (Acrosin, NDUFA6, 
Discussion
393
The exact mechanism by which spermatozoa detach from the sperm reservoir 394 and the consequences of cell release on sperm physiology are still poorly understood.
395
The main findings of the present work were that spermatozoa released from bovine is of note that the medium in which sperm incubations were undertaken contained 419 bicarbonate and serum albumin, both reported to be involved in the sperm capacitation 420 process (Aitken and Nixon, 2013). Furthermore, the spermatozoa used were frozen-421 thawed, a process that could affect biochemical pathways involved in modulating sperm 422 function and in part related to capacitation (Cormier and Bailey, 2003) . Therefore, the 423 control group in the present study cannot be considered sensu stricto as a 'non- (He et al., 2008) . Therefore, although a similar interaction between PHB2 and 500 PR-related pathway is currently not known, our results suggest a possible role in 501 steroid-related signal transduction of PHB2 during capacitation.
502
By proteomics, a total of 137 differential masses were found between the 503 different sperm groups, among which the highest proportion (98 masses) corresponded 504 to the BOEC-P4 vs. CTRL comparison. This high proportion of masses confirms the 505 strong effect resulting from the combination of sperm attachment to BOECs and 506 23 subsequent release induced by P4 on sperm physiology. Interestingly, 34 protein masses 507 and 33 lipid masses were found differentially abundant between the BOEC and CTRL 508 groups. Since a high proportion of these differential masses was shared when comparing 509 BOEC-P4 vs. CTRL groups, we consider that these findings may illustrate the existence 510 of a "BOECs effect", by which short periods of sperm binding to and release from the (Roberts et al., 2013) . Dyneins are cytoskeletal proteins anchored to the 536 sperm outer microtubules held responsible for generating the force required to produce 537 the beating pattern of the flagellum (Castaneda et al., 2017; Gibbons and Rowe, 1965) . (Martinez-Heredia et al., 2008) . In summary, BOEC-P4 spermatozoa showed 547 decreased levels of ODF-2 and -3, increased levels of DNAH7 and FH, 548 proteins related with energy production and sperm motility, and of Sp17, a protein 549 involved in oocyte recognition but also probably in PKA signaling. Taken together, our 550 results are concordant with previous results from our group that reported a higher 551 fertilizing ability of BOEC-P4 spermatozoa (Lamy et al., 2017) . However, the ability of 552 those proteins to become biomarkers of male fertility in the bovine remains to be 553 evaluated. Kawano, N., Yoshida, K., Miyado, K., Yoshida, M., 2011. Lipid rafts: keys to sperm 
Figure legends
